Abstract. Experimental autoimmune orchitis (EAO) is one of the models of immunological male infertility. Murine EAO is CD4+T cell-dependent and classically induced by immunization with a testicular homogenate and adjuvants. We previously established that immunization with viable syngeneic testicular germ cells (TGC) can also induce murine EAO with no use of any adjuvant. Analyses of this EAO model have already revealed that cultured spleen cells of immunized mice secreted interferon (IFN)-γ and that treatment of the immunized mice with anti-IFN-γ monoclonal antibodies significantly suppressed the EAO. It is known that both IFN-γ and tumor necrosis factor (TNF)-α are representative cytokines of Th1 cells and exhibit local toxicity toward the seminiferous epithelium in vivo. However, changes in these two cytokines in EAO-affected testes have not yet been investigated. Therefore, in the present study, we investigated the expression of intratesticular IFN-γ and TNF-α mRNAs in TGC-induced EAO using real-time RT-PCR. The results demonstrated that the intratesticular mRNAs for both IFN-γ and TNF-α significantly increased, while other cytokines such as IL-1α, IL-1β, IL-6 and TGF-β did not show dramatic changes in the immunized mice. These results suggest that secretion of significant amounts of IFN-γ and TNF-α in situ contributes to the spermatogenic disturbance in EAO. Key words: Autoimmunity, Cytokine, Spermatogenic disturbance, Testis (J. Reprod. Dev. 57: [296][297][298][299][300][301][302] 2011) xperimental autoimmune orchitis (EAO) is a model of immunologic inflammation leading to male infertility [1] . The histopathology is characterized by intratesticular infiltration of CD4+T cells, CD8+T cells, B cells and plasma cells, followed by spermatogenic disturbance [2, 3] . Classically, immunization with a testicular homogenate (TH) emulsified in complete Freund's adjuvant (CFA) followed by intravenous injections of Bordetella pertussis (BP) is necessary for induction of EAO in mice [4, 5] . TH+CFA+BP-induced EAO in mice is dependent on CD4+ T cells that secrete tumor necrosis factor (TNF)-α and interferon (IFN)-γ in vitro [6] . It has also been reported that the disease can be suppressed in vivo by the administration of anti-TNF-α antibodies but not anti-IFN-γ antibodies [6] . In rat EAO induced by immunization with TH+CFA+BP, it was shown that isolated testicular macrophages secreted both . However, the intratesticular changes in IFN-γ and TNF-α mRNA expression at the organ level have not yet been investigated in any EAO model.
(J. Reprod. Dev. 57: 296-302, 2011) xperimental autoimmune orchitis (EAO) is a model of immunologic inflammation leading to male infertility [1] . The histopathology is characterized by intratesticular infiltration of CD4+T cells, CD8+T cells, B cells and plasma cells, followed by spermatogenic disturbance [2, 3] . Classically, immunization with a testicular homogenate (TH) emulsified in complete Freund's adjuvant (CFA) followed by intravenous injections of Bordetella pertussis (BP) is necessary for induction of EAO in mice [4, 5] . TH+CFA+BP-induced EAO in mice is dependent on CD4+ T cells that secrete tumor necrosis factor (TNF)-α and interferon (IFN)-γ in vitro [6] . It has also been reported that the disease can be suppressed in vivo by the administration of anti-TNF-α antibodies but not anti-IFN-γ antibodies [6] . In rat EAO induced by immunization with TH+CFA+BP, it was shown that isolated testicular macrophages secreted both IFN-γ and TNF-α [7] [8] [9] . However, the intratesticular changes in IFN-γ and TNF-α mRNA expression at the organ level have not yet been investigated in any EAO model.
We previously established that two subcutaneous injections of viable syngeneic testicular germ cells (TGC) can induce CD4+ T cell-dependent EAO in both A/J and C3H/He mice with a very high incidence [2, 10] . This model is unique in that CFA and BP are not necessary for EAO induction. However, in spite of no use of these adjuvants, it was found that delayed type hypersensitivity rather than humoral immunity against TGC antigens is critical for induction of the disease [2, 11, 12] . It was also shown that spleen cells of TGC-immunized mice secrete IFN-γ in vitro and that EAO was successfully suppressed on treatment with anti-IFN-γ monoclonal antibodies [12, 13] . In other studies, local injection of IFN-γ and TNF-α into normal testes was shown to induce cytotoxicity to TGC in vivo [14, 15] . Therefore, there is a possibility that the secretion of these two cytokines is significantly increased within testes during EAO, resulting in spermatogenic disturbance. In the present study, the expression of intratesticular IFN-γ and TNF-α mRNAs within EAO-affected testes in TGC-immunized mice was investigated using real-time RT-PCR.
Materials and Methods

Animals
A/J mice (male, 8-10 weeks old) were purchased from SLC, Shizuoka, Japan. The approval of the Tokyo Medical University Animal Committee was obtained for this study.
Preparation of TGC
Testes were excised from 10-week-old mice, teased with scissors in cold Hanks' balanced salt solution (HBSS) and then passed through a stainless-steel mesh. The TGC were harvested by centrifugation at 400 g for 15 min, washed three times in cold Hanks' balanced salt solution and then adjusted to 1 × 10 7 TGC/200 μl/ mouse after determining their viability by trypan blue dye exclusion. The TGC suspension contained more than 99% germ cells at various stages of spermatogenesis; the remaining cells (< 1%) were Sertoli and interstitial cells [10] .
Experimental design
Male mice (n=28) at 10 weeks of age were subcutaneously injected twice with 1 × 10 7 TGC/mouse on days 0 and 14, i.e., at a 2-week interval, for induction of active EAO. Male mice (n=28, 10 weeks of age) injected with HBSS alone were used as controls. The mice were deeply anesthetized with pentobarbital (65 mg/kg body weight), and their testes were removed on days 0, 7, 14, 21, 28 or 40 after the first immunization. Histopathological samples were taken from right testes, and total RNA samples were collected from the left testes of the mice (n=24 for both the TGC-treated mice and Control mice). In addition, immunohistochemical samples were taken from both testes on day 40 after the first immunization (n=4 for both the TGC-treated mice and Control mice).
Histological procedure
Mice were killed, and their testes were removed, fixed with Bouin's solution and then embedded in plastic (Technovit 7100; Kulzer & Co., Wehrheim, Germany) without cutting the organs to avoid artificial damage to the testicular tissue. Sections (3-4 μm) were obtained at 15-20 μm intervals and stained with Gill hematoxylin III and 2% eosin Y for light microscopical observation.
Histopathological assessment of EAO lesions
Histopathological assessment of orchitis lesions was performed by the method described by Itoh et al. [16] . Briefly, the following scale was used for the histological findings: stage 0, no inflammation; stage I, focal inflammation in the tunica albuginea; stage II, focal inflammation adjacent to the tubuli recti; stage III, inflammation surrounding the tubuli recti; stage IV, inflammation spreading around the seminiferous tubules; and stage V, widespread inflammation involving the tubuli recti and seminiferous tubules. Stages 0, I, II, III, IV and V were scored as 0, +1, +2, +3, +4 and +5, respectively, before statistical analysis of the severity of the lesions.
RNA extraction
Total RNA was isolated from whole testis using an ISOGEN RNA extraction kit (Nippon Gene, Tokyo, Japan), according to the manufacturer's instructions, and the RNA pellet was finally dissolved in 10 μl of RNase-free distilled water. Total RNA was measured by 260/280 UV spectrophotometry and stored at -80 C prior to use. Preparation of cDNA from 10 μg of total RNA was performed in a 100 μl reaction mixture using random primers and according to a standard protocol (High Capacity cDNA Archive Kit; PE Applied Biosystems, Foster City, CA, USA). The PCR reactions were carried out on an iCycler Thermal Cycler (Bio-Rad, Hercules, CA, USA), and the mixture were stored at -80 C before analysis.
Real-time RT-PCR
Real-time RT-PCR (TaqMan) analysis for relative determination of the mRNA level was performed using the standard curve method [17] . The detection of cytokine mRNAs was performed using proprietary predeveloped TaqMan primers (IFN-γ (ID: Mm00801778-m1), TNF-α (ID: Mm00443258-m1), IL-1α (ID: Mm00443258-m1), IL-1β (ID: Mm00434228-m1), IL-6 (ID: Mm00446190-m1), TGF-β (ID: Mm0041724-m1) and β-actin (ID:
Mm00607939-s1); PE Applied Biosystems, Foster City, CA, USA). Real-time RT-PCR analyses were conducted to determine the levels of mouse IFN-γ, TNF-α, IL-1α, IL-1β, IL-6 and TGF-β, with β-actin being used to normalize the data. TaqMan reactions (total, 50 μl) were performed in optical 96-well reaction plates by adding 40 μl of a mix comprising 25 μl of TaqMan Universal PCR Master Mix (2×), 2.5 μl of TaqMan Gene Expression Assays of primers (PE Applied Biosystems, Foster City, CA, USA) and 12.5 μl of autoclaved water. A 10 μl aliquot of a RT-PCR sample prepared as described above was subsequently added to each well. The reactions were performed in triplicate. Real-time fluorescence-monitored PCR reactions were performed using a PE Applied Biosystems model 7500 Sequence Detection System. The temperature profile was 50 C for 2 min and 95 C for 10 min and then 95 C for 15 sec and 60 C for 1 min for 40 cycles. Using the manufacturer's software, a threshold above the noise was chosen, and the cycle number (CT) at which the fluorescence, generated on cleavage of the probe, exceeded the threshold was determined for each well. For each real-time PCR analysis, a standard curve was generated using six 2-fold serial dilutions in water of the RT-PCR samples corresponding to testicular cells with IFN-γ, TNF-α, IL-1α, IL-1β, IL-6, TGF-β and β-actin mRNAs primer, respectively.
CT values were compared using a standard curve after linear regression analysis. A no-RT-PCR sample template control was performed for each reaction in duplicate.
Immunohistochemical detection of IFN-γ and TNF-α
The testes of four experimental and four control mice were put in OCT compound (Miles Laboratories, Naperville, IL, USA), and then frozen in liquid nitrogen and stored at -80 C until they were used. Sections of 6 μm thick were cut with a cryostat (CM1900; Leica, Wetzlar, Germany), air dried and then fixed in 95% ethanol for 10 min at -20 C. The sections were rinsed in Tween-buffered saline (TBS) and then incubated with Block Ace (Yukijirushi, Hokkaido, Japan) for 20 min at room temperature to abolish endogenous peroxidase activity. After this treatment, the serial sections were incubated for 2 h with rat anti-mouse IFN-γ monoclonal antibodies (Calbiochem, Germany; 1:50 dilution) and rat anti-mouse TNF-α monoclonal antibodies (BioLegend, USA; 1:100 dilution). After washing, the sections were incubated for 30 min with rabbit anti-rat IgG (Vector Labs, Burlingame, CA, USA). Immuno-reactive cells were visualized with a Vectastain ABC Kit (Vector Labs, Burlingame, CA, USA) with 0.05% 3, 3-diaminobenzidine 4HCl (DAB), 0.01% H2O2 and NiSO4 (NH4) 2SO4 6H2O as the chromogen. Sections processed with PBS instead of the primary antibodies were used as negative controls.
Data analysis
Data were expressed as means ± standard errors (SE), and then the ANOVA/post-hoc test was employed for statistical analysis. P<0.05 was taken as being significant.
Results
In TGC-immunized mice, no lymphocytes were seen around the mediastinum testes until day 14 ( Fig. 1 and Table 1 ). However, some lymphocytes appeared in the interstitium around the tubuli recti from day 21 to 28 in two of the four of TGC-treated mice (Fig.  1b and Table 1 ). Spermatogenic disturbance was not seen until day 28. At day 40, many lymphocytes were observed in the interstitium around the tubuli recti and the seminiferous tubules exhibiting severe spermatogenic disturbance in all four mice. No lymphocytic inflammation was seen in any testes of control mice (Table 1) .
Real-time RT-PCR analyses revealed that the mRNA expression of both IFN-γ and TNF-α was prominently increased (Fig. 2) . The expression of TNF-α mRNA peaked on day 21, and the expression of IFN-γ mRNA gradually increased until day 40. In contrast, other cytokines examined did not show such dramatic changes. The expression of IL-1α gradually decreased after day 14. IL-1β, an isoform of IL-α, was increased on day 21 and then decreased later. The expression of IL-6 and TGF-β did not significantly change until day 40 (Fig. 2) .
Immunohistochemically, both IFN-γ and TNF-α were extensively detected with many inflammatory cells in the testicular interstitium on day 40 in EAO lesions (Fig. 3) . In control testes, immunostained inflammatory cells were absent, but both IFN-γ and TNF-α were detected in Sertoli cells, and IFN-γ was further detected in spermatids (Fig. 3) . Four experiments were performed, and all produced similar results.
Discussion
In the present study, it was revealed that mRNA expression of IFN-γ and TNF-α within EAO-affected testes definitely increased among the various cytokines examined. This is the first report of real-time RT-PCR analyses showing significant increases in intratesticular Th1 cytokines at the organ level in EAO.
Both IFN-γ and TNF-α were detected from cultured spleen cells and lymph node cells in EAO-induced mice in vitro [12, 18] . Through in vivo studies, the effects of these two cytokines were investigated by administration of anti-IFN-γ and anti-TNF-α monoclonal antibodies. Yule & Tung [6] demonstrated that EAO was significantly suppressed by anti-TNF-α antibodies but not IFN-γ antibodies. Later, we found that anti-IFN-γ antibody treatment downregulated TGC-induced EAO [13] . However, for analyses of the tissue microcircumstances of autoimmune diseases, it is generally important to know about the cytokine expression in not only lymphoid organs but also the target organs themselves. In immunohistochemical studies on testicular cytokines, it was revealed that testicular interstitial cells were positive for IFN-γ and TNF-α antibodies in EAO [7, 19] . Enzyme-linked immunosorbent assays of testicular macrophages isolated from EAO-affected testes also demonstrated that these two cytokines were significantly secreted into the culture supernatant [8, 9] . However, a real-time RT-PCR study of isolated dendritic cells obtained from TH+CFA+BP-EAOaffected testes did not show a significant change in TNF-α mRNA expression [20] . In the present study, we found a prominent increase in the expression of both IFN-γ and TNF-α mRNAs in EAO-affected testes, irrespective of the lack of use an adjuvant. The TNF-α mRNA expression significantly increased on day 21, decreased temporally on day 28, but increased again on day 40. In contrast, the IFN-γ mRNA expression gradually increased on day 40. It is well known that TNF-α is mainly secreted by both activated macrophages and T lymphocytes and that IFN-γ is secreted by activated T lymphocytes. In a TGC-induced EAO model, the testicular macrophages are activated around the testis on day 21, and then many T lymphocytes infiltrate into the testis around day 40 [16] . Therefore, it is expected that the activated macrophages first secrete TNF-α and that this is followed by that the infiltrated T lymphocytes secreting both IFN-γ and TNF-α in the TGC-induced EAO. It is well established that both IFN-γ and TNF-α are representa- tive Th-1-related cytokines. IFN-γ is produced by lymphocytes stimulated by antigenic substances and has the abilities of macrophage activation, induction of major histocompatibility antigens, T cell homing and regulation of cell proliferation [21, 22] . TNF-α is a cytokine produced mainly by macrophages and has the ability to augment inflammatory responses involving cytotoxic effects including apoptosis on target cells [9, [23] [24] [25] [26] [27] . Moreover, it is noteworthy that these two cytokines are harmful to the seminiferous epithelium, resulting in spermatogenic disturbance. In experiments on local injection of these cytokines into the testes in vivo, IFN-γ exhibited a direct cytotoxic effect on spermatogenic cells [15] . TNF-α also caused germ cell damage through a direct effect and an indirect mechanism involving Leydig or Sertoli cell dysfunction [14] . This means that interference with spermatogenesis is inducible without cytotoxic T cells or specific antibodies. Furthermore, recent studies demonstrate that Sertoli cells treated with TNF-α and/or IFN-γ increase their expression of Fas both in the membrane-bound and soluble form. Moreover, following these two cytokine stimulations, Sertoli cells become susceptible to FasLmediated cytotoxicity, which suggests a role of inflammatory cytokines in Fas system regulation in the seminiferous epithelium [28] . In the present study, the expression of TNF-α and IFN-γ mRNAs was found to be augmented within EAO lesions. Therefore, it is supposed that significant amounts of both TNF-α and IFN-γ are secreted in situ, resulting in the germ cell damage during EAO. It was reported that IFN-γ was immunohistochemically detected in round spermatids and testicular macrophages in normal rat testes [7, 29] and was found on testicular macrophages, Sertoli cells and Leydig cells in normal mouse testes [30] . De et al. [31] found that TNF-α was detected in round spermatids, pachytene spermatocytes and testicular macrophages in normal mouse testes on Northern blot analysis and in situ hybridization. In vitro, Siu et al. [32] reported that TNF-α mRNA was expressed in Sertoli cells obtained from the normal rat testis. In the present study, we demonstrated that IFN-γ was immunohistochemically stained in spermatids and Sertoli cells and that TNF-α was detected in Sertoli cells in normal mouse testes. The variety of these results in regard to localization of TNF-α and IFN-γ may be derived from differences of animal species, used antibodies and primers and experimental protocols. In addition, it remains unclear whether intratesticular IFN-γ and TNF-α in the physiological state affect the microcircumstances of spermatogenesis. In the present study, a significant increase of testicular IL-6 mRNA expression was not detected. This is an unexpected results, because IL-6, a cytokine that activates B lymphocytes and promotes development of antibody production, was significantly secreted by splenic lymphocytes isolated from TGC-immunized mice [12, 18] ; furthermore, significant numbers of B lymphocytes and plasma cells were found in EAO lesions with the production of serum autoantibodies [33, 34] . This discrepancy between testicular and splenic IL-6 indicates that intratesticular Th1 immune responses are critical during EAO lesions and that systemic Th2 responses outside the testis affect infiltration of lymphocytes of B cell lineage into the testis. Interleukin-1 is a proinflammatory cytokine that activates immunologic responses and inflammation [35] . It is known that the increased expression of these proinflammatory cytokines results in testicular dysfunction [36] . Models of acute inflammation by injection of turpentine [37] and experimental varicocele [38] increased protein or mRNA levels of both IL-1α and IL-1β in the testis. However, the kinetics of testicular IL-1 in EAO have not yet been reported. In this study, we showed that expression of IL-1α was gradually decreased and that IL-1β showed almost no change in EAO. Previous studies have reported that IL-1α mRNA was detected in Sertoli cells and Leydig cells and that IL-1β mRNA was detected in Leydig cells [39] [40] [41] . Investigation into the localizations of these cytokines may help to explain immunological mechanism of EAO.
Recently, knowledge of the expression of various cytokine receptors in the testis has increased [42] [43] [44] . In our next study, we will investigate the expression of intratesticular cytokine receptors through gene and proteomics experiments on intracellular cytokine receptors in both normal and EAO-affected testes.
